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Structural and cytochemical aspects of the stigma of Pa/yga/a virgata Thunb. var. virgala were studied . Flowers of an 
isola ted group of plants were used. Indications are that the plants are autogamous. The stigma is of the wet papillate 
type with unicellular papillae forming the receptive surface of the stigma. Exudate production commenced at an early 
stage, more than six days before onset of anthesis and appeared alveolar or fibrilla r. The papillar cell wall material 
became loosely arranged and the cytoplasm senescent. All stigmatic exudate is secreted by the papillar cells and is 
contained in the subcuticular space. The cuticle showed no signs of disruption, but exudate appeared on the papillar 
surface during middle anthesis. Cytochemical tests indicated the presence of lipids, pectins and some proteins in the 
exudate, while no polysaccharides were indicated. No protein pellicle was observed . The papillar cytoplasm showed 
signs of disruption during the middle anthesis stage of development and contained lobed plastids, endoplasmic 
reticulum plates and small vacuoles. 
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Introduction 
Attention has been focussed on the floral structure of members of 
the Polygalaceae particularly in regard to its convergence with 
that of the Leguminosae. A !though the floral structure of Polyg-
ala species strongly suggests insect pollination, Bamert (1990) 
confi rmed autogamy with the possibility of secondary pollen 
presentation in many species of this large family . 
The morphology of the stigma of Polygala species was first 
described by Behrens ( 1875). Chodat (1891 - 1893 ), in his pio-
neering work, also investigated the structure of the stigma afsev-
eral representatives of the Polygalaceae. Bamert ( 1990) reported 
on the floral morphol ogy of several members of the Polygalaceae 
and discussed po llination and other aspects of reproductive biol-
ogy of several species, including several Polygala species and 
reported wet stigmas in a ll the species studied. This is not in 
accordance with the class ification of Heslop-Harrison and Shi-
vanna (1977), who regarded the stigmas of Polygala species as a 
dry non-papillate type. According to Shivann. ( 1980) stigmas of 
monocotyledonous plants assoc iated with styler canals are 
non-secretory, but he did not comment on those of dicotyledon-
ous plants with hollow styles. 
The Polygala l'irgata Thunb. var. vil'gata plants used in the 
present investigation were cultivated in the Botanic Garden of 
the Potchefstroom University, Potchefstroom, South Afri ca. 
These plants were probably grown from seeds collected in the 
Western Cape Prov ince, South Africa before 1973. No pollina-
tors were observed and we assume that the natural pollinators, if 
ally, are not available in Potchefstroam. The plants are remark-
ab ly similar in size, they all flower at the same time and at the 
end of a flowering flush, wh ich occurred at least twice during 
summer, the anthers of the fl owers of all the plants became elon-
gated and did not dehisce or shed pollen, so that no pollen shed-
di ng was observed at this time in any of the flowers. Seeds were 
readily formed in flowers producing normal poJlen and as it is 
suspected that the pl ants share a common genetic pool, it seemed 
that no self-incompat ibility systems were involved. 
The reproductive biology of indigenous South African plants 
in general is still largely unknown and this paper is an attempt to 
contribute to this scant knowledge. T his study aimed to ( I) eluci -
date the structure of the stigma of a d icotyledonous species with 
hollow sty le at the light microscopical and ultrastructural level 
and (2) determine histochemically the nature of the stigmatic 
exudate. 
Material and methods 
P. virgata Thunb. var. virgata !lowcrs wen: collected at the following 
stages: flowcr buds 2 mm long (about seven days before the onset of 
anthesis), flower buds 4-5 mm long (about fi ve days before anthesis. 
early anthesis, one day before middle anthesis, and after anthesis but 
before late anthesis) . 
For scanning electron microscopy. gynoccia were fixed in either 
4% paraformaldehyde in O. I M cacodylate buffer and dehydrated in 
a series of ethanols. or lixed in 2.5% glutaraldehyde in O.05M 
cacodylate buffer (pH 7.2). poslfixed in 0.5% aqueous osmium 
tetroxide and dehydrated in a series of acetones. After critica l point 
drying, the material was spuller-coated wi th ctlrbon and gold-palla-
dium and viewed with a Cambridge 250 scann ing electron 
microscope. 
For light and transmission clectron microscopy st igmas and styles 
were excised and ei ther fixed in glutaraldehyde and osmium tetrox-
ide as described above, or in O.05M cacodylate buffer at pH 7.4 con-
taining 2.5% glutaraldehyde. 1.25% paraformaldehyde and 0.03% 
picric acid (Todd 1987). and post-fixed in 0.5% aqueous osmium 
tetroxide, with or wi thout addi tional fixation in 2% aqueous uranyl 
acetate, dehydrated in ac(! tone and infiltrated with resin (Spurr 
1969). Thin sections were contrasted with uranyl acetate and lead 
citrate. Semithin sections (ca 0.5- 1.0 ).lm) were stained with 0.5% 
toluidine blue 0 in 1% sodium tetraborate with or without 
post-staining with 0.05% aqueous ncufuchsin. 
Gynoccia were also fixed in glutaraldehyde as above. dehydrated 
in a methyl cellosolve series and infiltrated with glycol methacrylate 
(GMA) (Feder & O'Brien 1968). Semith in sect ions were stained 
with Coomass ie bri ll iant blue (0.25% in 7% acet ic acid), amido 
black I DB (Willetts et 01. 1990) and 8-anil ino-l-naphthalene-sul-
phonic acid (8-ANS) (Ghosh & Shivanna 1984) for proteins and 
ruthenium red (Johansen 1940) far pectins. Auramine 0 
(Heslop-Harrison 1977) wns employed to detect cutin and lipids by 
yellow fluorescence under long wave UV illumination. Sudan black 
B (O 'Brien & McCully 198 1), Sudan IV (Scariet R) (J ensen 1962; 
Ghosh & Shivanna 1980) and Nile blue (Consid ine & Knox 1979) 
were also used for the dctl.!ction of lip ids. As a control. the li pids 
were removed before fi xation by immersing stigmas in 
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m~lhanol:dher 1: 1 (v/v) for 5 min (Ghosh & Shivanna 1980). The 
periodic acid-Schiff s reaction was conducted (Jensen 1962) to dem-
ons trate polysaccharides. 
Fresh s tigmas of different stages wefe stained with Sudan black B 
and aununine O. To determine whether fruits formed after self-polli-
nat ion. young fl oral buds (45 mm long) were individually covered 
wi th paper bags as were ent ire inflorescences with young buds. As a 
con tro l. buds and inflorescences were left uncovered. The fl owers 
wl.!rc monitored for seed production. Some of the covered and 
lIncovt:red flowers were tested for the presence of pollen tubes in the 
style wi th an iline blue according to the method of O' Brien and 
McCully (1981). 
Herbarium voucher specimens of the same plants are held in the 
herbarium of the Potchefstroom University (PUC). 
The four different stages of anthesis as descri bed by Bamert 
( 1990) fo r P. chamaebllxlls L. are used in this paper. ( I ) Early anthe-
sis: the sepals and petals are tightly appressed [Q one another and to 
the pdais, but the abaxial part of the median petal is only just visible. 
(2) Middle anthesis: the inner sepals are separated from the petals by 
abollt 5 mm. (3) Late an thesis: the inner sepals are arranged at right 
angles to the pedicel. (4) End of anthesis: the inner sepals wither and 
the median petal changes colour. 
Results 
In P. I'jrgata var. virgata both stages I and 2 of anthesis as 
described by Barner! ( 1990) were completed within one day. The 
anthers opened during the first stage. The whole process of 
anthesis took about 10 days in P. chamaebuxlls (Bamer! 1990), 
but in P. virgata var. virgata at day temperatures of about 28°C 
and night temperatures of at least 15°C, the four stages were 
completed with in two days. It was noted, however, that aU flow-
ers and buds collected at the end of a flowering period produced 
1110re elongated anthers which did not shed their pollen at all. All 
the buds and flowers of the raceme produced these anomalous 
anthers. The difference in length of the anthers could be detected 
when the buds were less than 10 mm long. 
Morphology of the stigma 
The gynoecium of P. virgata var. virgala consists of two fused 
carpels, an elongated curved style and a sing le two-lobed stigma 
according to Kruger el al. ( 1988), who studied the same plants, 
but erroneous ly referred to P. virgala Thunb. var. decora (Sand.) 
Harv. However, it has been confirmed (E . Retief, National 
Botanical Institute, Pretoria, South Africa, personal communica-
tion) that the plants used in both these studies are indeed repre-
sentatives of P. virgala var. virgata. 
The styler canal ends centrally in the stigma, between the 
ada'X ial receptive lobe and the abaxial non-receptive lobe. A sin-
gle layer of unicellu lar papi llar cells forms the receptive part of 
the stigma (Figures I and 2). Cytochemical tests indicated that a 
protein pellicle was not present at all. The papillae were covered 
with a continuous cuticle (Figures 3 and 4). 
Stigma of 2 mm long bud (about seven days before onset of 
anthes is) 
At this early stage little secretory product was present (Figure 3) 
and it was confined to the subcuticular space only. 
Stigma of 4- 5 mm long bud (about five days before anthesis) 
Li ttle secretory product was present on the surface of the papil-
lae. Secretory product accumulated in the subcuticular space, 
under an uninterrupted cut icle (Figure 4) as well as on the papil-
lar surface (Figure 5). The secretory product appeared electron 
lucent or electron opaque, with the accumulation of fibrillar or 
alveolar, medium electron dense areas below the cuticle or near 
the ce ll wall (Figure 5). The cell wall material was loosely 
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Figures 1- 3 Stigma of Polygala virgata var. virgata flower dur-
ing middle anthesis (I & 2) and at 2 mm long bud stagc (3). Scale = 
100 J.lm in J & 2; 50 pm in 3. I . Sect ion through sti gma, parallel to 
upper surface, with stigma papi llae (p). st igmat ic exudate (e), styler 
canal (se) and fused cutic le (arrow head). 2. Surface view of the 
stigma showing depression (sd) and stigma papillae (p) partly cov-
ered with exudate. 3. Longitudinal section of stigma papi llae with 
cuticle (arrow heads), stained with Sudan black B. 
arranged. The papillar nuclei were usually situated in the basal 
half of the cells and the cy toplasm was often vesiculated, with 
electron dense globules included in the vesicles and vacuoles 
(F igure 6). Abundant medium electron dense lipid-like globules 
were observed, Some of the plastids were lobed, which is typical 
of secretory cells. The subpapillar cell s contained plas tids with 
large starch gra ins (Figure 7). The basal half of the papillar walls 
were connected to adjacent papillae wi th numerous plasmodes-
mata (Figure 7), but plasmodesmata l connections to the subpap-
illar ce ll s were not observed. 
Stigma during early anthesis 
Subcuticular accumulation of exudate stretched the cuticle and 
secretory product covered the papi llae (Figure 8). The cytoplasm 
in the basal part of the papi llar cell was 110t densely sta ined and 
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figures 4-7 Longitudinal section of stigma papillae of 4-5 mm long Polygala virgala var. vil'gara bud. Scale = 1 ~lm in 4, 5, 6; 5 )..I.m in 7. 4 
and S. Apex of papillae with cuticle (e), subcuticular exudate (es) and exudate on papillar surface (ee). 6. Papillar cytoplasm and cell wall (w) 
showing subcuticular space and cuticle (c). 7. Papillar ce lls with plasmodesmata (arrow heads) and subpapillar cells with plastids containing 
starch grains. 
contained large numbers of lobed plastids and small vacuoles. 
Endoplasmic reticulum plates were observed in the denser cyto-
plasm of the apical part of the cell . The plasmalemma and cuticle 
were intact. 
Stigma of the flower during middle anthesis 
A large amount of secretory product was present inside the cells 
(F igures I and 9). The cytoplasm towards the apex of each 
pap illa was denser than that in the rest of the ce ll , but appeared 
more vacuolated and disorganized (Figure 10). Lobed plastids 
and numerous vaclloles, the latter often with electron dense 
inclusions, were present in the basal part of the papilla (Figure 
11 ). At this stage the cuticle was intact and distended to accom-
modate the exudate. The basal part of the ce ll showed little sub-
cuticular accumulation of secretory product (Figure 11). 
Stigma of the flower during late anthesis 
The papillar cells appeared senescent and more vesiculated than 
during the previous phase. Lobed plastids were evident. Exudate 
accumulated on the surface of the papillae (Figures 12 and 13), 
while subcuticular exudate was retained by the cuticle (Figure 
12). The plastids of the subpapillar cells contained little starch. 
Results of cytochemical staining 
Stigmas of all stages were stained and nearly identical results 
were obtained . 
Yellow-green fluorescence with auramine 0 of the whole 
receptive surface as well as the secretory product of whole 
unfixed stigmas, indicated the presence of lipids in the exudate 
(Figures 9 and 12). The cytoplasm ofthe papillae fluoresced blue 
only in the stigmas of very young flowers (2 mm long buds). The 
cuticle, both of the papillae and the non-receptive part of the 
stigma, fluoresced bright ye llow. After the removal of lipids, flu-
orescence was quenched in the subcuticular region and outside 
the papillae, but not in the papillar cuticle. 
Both the subcuticu lar and surface exudate stained blue with 
Nile blue sulphate indicating the presence of neutral lipids. The 
papillar cytoplasm was unstained in some sections, while the 
nuclei stained blue. In other sections the papillar cytoplasm 
stained blue. In stigmas of2 mm long buds, the papillar cuticle as 
well as the basal ce ll wall stained pink while the subcuticular 
exudate stajned blue. The wa lls of the subpapi llar ce lls did not 
stain. The cut icle of the non-receptive part of the stigma stained 
light pink with Nile blue sulphate. In lipid-free control sections 
Nile blue sulphate failed to stain the secretory product. In sec-
tions of the stigma of the 2 111m long bud the papillar cuticle and 
cell walls stained pink and cytoplasm and exudate blue with Nile 
blue sulphate. The subpapillar cell walls remained unstained. 
Sudan black B stained the subcuticular and surface exudate 
blue. The papillar cytoplasm was unstained while the cuticle of 
both the papillae and non-receptive part of the stigma stained 
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Figures 8-13 Stigma of Poiygala virgala vaT. virga/a. Scale = 50 Jlm in 8, 9, 12, 13; 5 Jlm in 10, J 1. 8. Surface of papillae, covered with 
exudate, of 10 mm long bud. 9. Longitudinal section of papillae of the flower during middle anthesis. sta ined with auramine 0 , showing sub-
cuticular exudate and exudate on papillar surface. to. Section of a papilla of the fl ower during middle anthesis showing vacuolate cy toplasm, 
..:t:il wall (w), subcuticular space and cut icle (e), 11. Longitudinal section of the basal part of the stigma papillae of the nower during midd le 
anthesis. 12. Longitudinal section of stigma papillae of the flower during late anthes is with surface exudate and subcuticular exudate, stained 
with auramine O. 13. Section of the stigma, parallel to upper surface, of the nower during late anthesis, stained with Sudan black B. 
black (Figure 13) . In the 10 mm long bud the subcuticular exu-
date appeared frothy. The lateral walls of the papillar cells 
stained blue-black, but the basal wall was unstained. The walls of 
the subpapillar cells were unstained. Sections of lipid-free con-
trol stigmas showed neither sta ining of subcuticular material nor 
an indictaion of secretory product covering the papillae. The 
papillar cuticle was stained and the papillar and subpapillar cell 
walls stained as above. 
The scarlet R (Sudan IV) method for fats, oils and waxes 
stained the cuticle of the papillae and the non-receptive part of 
the stigma red. The papillar cytoplasm was unstained, but the 
secretory product stained pink. Dark pink stain was observed in 
the lateral and basal cell walls of the papillae. The cuticle of the 
non-receptive part of the stigma stained intense pink. Sections of 
lipid-free control stigmas showed no staining of subcuticular 
material and no indication of secretory product covering the 
papillae, but the papillar and subpapillar cell walls stained as 
mentioned above. 
Nobel stain demonstrated dark blue papillar cytoplasm, but 
fa iled to stain the secretory product. No pellicle was detected. 
Amido black lOB stained the papillar cytoplasm bright blue. 
The secretory product (subcuticular and outside papillae) stained 
light blue or remained unstained. In lipid-free control sections of 
stigmas no staining was observed outside the papillae or in the 
subcuticular space of the papillae. No pellicle was detected. 
The same results as with am ido black lOB were obtained after 
staining with Coomassie blue, but in this case the secretory 
product remained unstained. The secretory product and the 
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papillar cell contents were PAS negative and the cell walls PAS 
positive. 
The secretory product outside the papillae and the cuticle 
stained pink with ruthenium red for pectic substances. The mid-
dle lamellae of the papillar cells also stained pink. No staining of 
the subcuticular exudate was observed. The cuticle of the 
non-receptive part of the stigmas showed no staining. 
The secretory product stained mustard yellow with 
zinc-chi or-iodide. No blue staining was observed. When the stain 
was used on sections of the style, no yellow staining was 
observed, but all the walls stained blue, indicating the presence 
of cellulose (Jensen 1962). 
The subcuticular exudate fluoresced yellow with 8-ANS, 
while the exudate covering the papillae appeared yellow-green. 
The papillar cytoplasm was non~f1uorescent. 
Pollination 
The floraJ morphology of P. virgata var. virgata strongly sug-
gests that self pollination is the rule. The stigma never appears 
outside the corolla and the anthers, which open by short falci~ 
form slits as desribed by Eriksen (1993), deposit large numbers 
of pollen grains directly on the receptive surface of the stigma. 
Before anthesis, copious exudate (Figure 8) and large numbers of 
pollen grains were observed on the stigma of flowers covered 
with paper bags during the bud stage (Figure 14), Pollen tubes 
were present in these styles as shown by aniline blue f1uores~ 
cence. Fruits were produced in these flowers and although the 
viability of the seeds was not confirmed, they appeared to be 
normal. 
Discussion 
The wet papillate stigma of P. virgata var. virgala does not fit 
into any of the wet stigma types of the Heslop-Harrison and Hes~ 
lop-Harrison (1982) classification. The papillar cells are actively 
secreting cells producing exudate at a very early stage, at least 
five days before anthesis. The exudate consisted of lipidic sub-
stances, pectins and some proteins. Although no polysaccharides 
were demonstrated, it is possible that they were masked by the 
copious lipid, or removed during processing. 
The results obtained with Sudan black B staining of the secre-
tory product are similar to those of Kandasamy and Kristen 
(1987) where darkly stained lipids with non-staining globules 
were evident on stigmas of Nicoliana sylvestris Speg. and 
Comes. A positive reaction with Sudan black B indicates the 
presence of free fatty acids and phospholipids (Jensen 1962), 
The exudate in N. sylvestris was however, PAS positive (Kan-
dasamy & Kristen 1987), while that of P. virgata var. virgata 
was PAS negative. As noted by Heslop~Harrison and 
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Figure 14 Pollen grains on the stigma of Polygala virga/a var. vir-
gala flower that was covered during the bud stage. Scale = 50 ~m. 
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Heslop-Harrison (1985), quoting various authors, the stigmatic 
exudates of different species are very diverse. In P. virgata var. 
virgala this exudate is mainly lipidic, as also reported in Ga1ill~ 
soga quadriradiata Ruiz and Pav. (Lord & Webster 1979; Tilton 
1984). In Aplenia cordi/alia (L.f.) Schwantes no lipids were 
detected in the stigmatic exudate by Kristen el 01. (1979), but 
they did not exclude the possibility that a small amount of lipid 
could be present. Staining of the exudate with Nile blue sulphate 
may indicate the presence of acidic lipids, but Gahan ( 1984) cau-
tioned that not only lipid sites will stain blue, as the blue compo-
nent of the stain is a basic dye. Pink or red staining with Nile 
blue sulphate indicates the presence of neutral lipids (Gahan 
1984). 
Pollen production and pollen viability should receive attention 
in future, as pollen shedding did apparently not occur as an ongo-
ing process. The pattern of pollen shedding changed during the 
season and the anthers appeared different in structure. Day tem-
peratures were not measured, but were not noticibly lower. Night 
temperatures might have been a little lower at this stage, but 
other environmental factors could also be involved, 
Although the floral structure of P. virgala var. virgala superfi-
cially suggests insect pollination, the flowers are readily alltoga~ 
mous, as are those of p, vlligans L. (Lack & Kay 1987, 1988) , 
The very thin and flexible pedicel can hardly support an insect 
large enough to trip the corolla to facilitate the emergence of the 
stigma. Insects inserting a head and thorax, as observed by 
Bamert (1990) in P. chamaebllxlIs, will be able to deposit pollen 
on the stigma. Cross pollination may occur, but that will only be 
possible after anthesis, when large numbers of pollen grains have 
already been deposited on the stigma by the anthers. Faegri and 
Van der Pijl (1979) regarded P. chamaebllxlls as a melittophilous 
plant with secondary pollen presentation; however, our findings 
support those on P. chamaebuxus (Bamert 1990), that the possi-
bility of cross pollination by secondary pollen presentation must 
be considered to be smail, and is thus in agreement that in South 
African species of Polygalaceae with the crook-type pollen pre-
senter, self-pollination is probably the rule (Ladd 1994). 
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